The atrioventricular (AV) node is a recurrent source of potentially life-threatening arrhythmias. Nevertheless, limited data are available on its developmental control or molecular phenotype. We used a novel AV nodal myocardium-specific reporter mouse to gain insight into the gene programs determining the formation and phenotype of the developing AV node. In this reporter, green fluorescent protein (GFP) expression was driven by a 160-kbp bacterial artificial chromosome with Tbx3 and flanking sequences. GFP was selectively active in the AV canal of embryos and AV node of adults, whereas the Tbx3-positive AV bundle and sinus node were devoid of GFP, demonstrating that distinct regulatory sequences and pathways control expression in the components of the conduction system. Fluorescent AV nodal and complementary Nppa-positive chamber myocardial cell populations of embryonic day 10.5 embryos and of embryonic day 17.5 fetuses were purified using fluorescence-activated cell sorting, and their expression profiles were assessed by genome-wide microarray analysis, providing valuable information concerning their molecular identities. We constructed a comprehensive list of sodium, calcium, and potassium channel genes specific for developing nodal or chamber myocardium. Furthermore, the data revealed that the AV node and the chamber (working) myocardium phenotypes diverge during development but that the functional gene classes characterizing both subtypes are maintained. One of the repertoires identified in the AV node-specific gene profiles consists of multiple neurotrophic factors and semaphorins, not yet appreciated to play a role in nodal development, revealing shared characteristics between nodal and nervous system development. (Circ Res. 2009;105:61-69.) 
T he electric impulse is initiated in the sinus node, propagated rapidly through the muscular tissues of the atria, delayed in the atrioventricular (AV) node, and then rapidly propagated through the ventricular conduction system, activating the ventricles from apex to base. The slow conduction through the AV node ensures sequential, synchronized contractions of the atria and ventricles (reviewed elsewhere 1, 2 ). This guarantees the ventricles to benefit from the atrial contraction, adding 15% to cardiac output, and prevents one-to-one conduction of potentially life-threatening supraventricular arrhythmias. Furthermore, the AV node is the major subsidiary pacemaker in case of failure of the sinus node (reviewed elsewhere 1, 3 ). However, the AV node is also a recurrent source of tachy-and bradyarrhythmias, notably AV node reentrant tachycardia and AV block, requiring lifelong medication, ablation, or electronic pacemaker implantation. Knowledge regarding development, 4 -8 anatomy, 2 and molecular background of the physiological function 9 -13 of the AV node has increased gradually. Nevertheless, insights into the transcriptional pathways regulating its development, and the gene expression profiles underlying its phenotype and function are limited.
The T-box transcription factor Tbx3 belongs to an evolutionary conserved family of factors, plays key roles in development and cancer, and is mutated in the ulnar mammary syndrome of congenital defects. 14 Tbx3 is specifically expressed in the components of the cardiac conduction system throughout development and in the adult and plays important roles in their formation. [15] [16] [17] We identified a large regulatory fragment driving green fluorescent protein (GFP) reporter gene expression selectively in the Tbx3-positive, Cx40/Cx43-negative nodal myocardium of the AV canal of embryos and in the AV canal-derived AV node and AV ring bundle in fetuses and adults. Subsequently, this unique AV nodal marker model was used to study the transcription profiles of the developing AV node through microarray analysis, providing new insights into the molecular pathways underlying differentiation and function of the embryonic AV canal and maturing AV node.
Materials and Methods

Transgenic Mice
The transgenic working myocardium (WM)-specific promoter-reporter line NppaBAC336-Egfp has been described previously. 18 BAC clone 366H17, containing genomic sequences from Ϫ83 to ϩ77 kbp relative to the transcription start site of Tbx3, was obtained from a C57BL/6J mouse BAC/PAC library (CHORI, Oakland, Calif). To generate the Tbx3BAC-Egfp construct, the sequence ATG.agc.ctc.t was replaced by GFP using the BAC modification method kindly provided by S. Gong and N. Heintz. 19
Fluorescent-Activated Cell Sorting and RNA Preparation and Handling
Hearts from transgenic stage-matched embryos were dissected, pooled, and single-cell fluorescent-activated cell sorting (FACS) samples were prepared using a protocol kindly provided by Masino and Garry. 20 Cells were sorted on a FacsAria flow cytometer (BD Biosciences) using FacsDIVA software. Samples from wild-type age-matched hearts were used for gating. Samples were gated to exclude debris and cell clumps. Fluorescent cells comprised, on average, 1% to 4% of live-gated AV nodal, and 3% to 8% of live-gated WM cell populations, whereas postsort analysis revealed 85% to 90% purity of GFP ϩ cell populations after flow cytometry. The number of embryonic day (E)10.5 AV canal GFP ϩ cells per embryo obtained were typically 600 to 900. RNA was subjected to 2 rounds of linear amplification and biotin labeling. Per sample, 5000 live-gated cells were collected directly in RA1 Nucleospin RNA cell lysis buffer and RNA was isolated following the protocol of the manufacturer (Machery-Nagel). RNA integrity was analyzed on an Agilent Bioanalyzer 2100, using RNA 6000 pico chips. The RIN numbers for the E10.5 AVC samples were: 10, 8.9, 9.0, 9.0, 8.9, 8.3; for the E10.5 WM samples: 7. 5, 9.8, 9.0, 7.2, 8.6, 9.9 ; for the E17.5 AVN samples: 8.0, 8.0, 9.0, 7.7, 9.0, 6.8; and for the E17. 5 
Results
Tbx3 Activity Is Driven by Distal Regulatory Sequences
To assess the spatiotemporal activity of the putative regulatory sequences of Tbx3, transgenic mice were generated in which an 8-kbp DNA fragment around the transcription start site drives LacZ reporter gene expression ( Figure 1 ). Five of 6 independently obtained lines expressed LacZ in a pattern unlike that of Tbx3. In 4 of these lines, LacZ was expressed mainly ectopically in the caudal part of the embryo and the forelimbs, whereas no expression was detected in the Tbx3 ϩ tissues such as the mammary glands or heart (Figure 1D through 1F and 1H through 1J). These observations indicate that the regulatory sequences driving Tbx3 expression are located outside the 8-kbp region.
A BAC clone containing Tbx3 flanked by 83-kbp upstream sequences and 77-kbp downstream sequences ( Figure 1A through 1C) was modified by inserting the enhanced (E)GFP encoding reporter gene at the translation start site of Tbx3, thereby functionally inactivating the gene in the BAC to avoid gain of Tbx3 function in transgenics. This BAC contains the gene for AK048257, upstream of Tbx3 ( Figure  1A ). However, this transcript was not detectable in the prenatal heart by quantitative RT-PCR (not shown), indicating that this gene would not interfere with heart development when introduced in transgenic mice. Next, 6 independent transgenic mouse lines were generated with the Tbx3BAC-Egfp construct randomly integrated in the genome. Four independent mouse lines carrying Tbx3BAC-Egfp showed comparable spatiotemporal EGFP patterns ( Figures 1G, 1K , 2B, and 2C) highly similar to the pattern of Tbx3 (1D,H and 2A). In situ hybridizations on serial sections confirmed that in the eye, snout, mammary glands and limbs Tbx3BAC-Egfp mimicked Tbx3 expression (Figures 1G and 2A through 2I, Online Table I ). However, the construct appeared inactive in the ear (Figures 1G, 2B , and 2C) and the lung mesenchyme ( Figure 2K and 2L), showing that not all DNA sequences regulating Tbx3 expression were present in the 160-kbp BAC.
Tbx3BAC Drives AV Node Myocardium-Specific Expression
Tbx3 is expressed in the sinus node, AV node, AV bundle, and bundle branches, 15 but Tbx3BAC-Egfp was not active in the Tbx3-positive, Cx43/Nppa-negative sinus node, AV bundle, and bundle branches ( Figure 2J through 2L). In contrast, Tbx3BAC-Egfp was active in the nodal (Tbx3-positive, Cx40/ Cx43/Nppa-negative) myocardium of the AV canal from E9 onwards ( Figure 3 ). No activity was detected in the Tbx3positive left AV canal. Also, the Tbx3-positive AV mesenchymal cushions were devoid of EGFP ( Figure 4A ). EGFP expression was found in the AV node, right AV ring bundle, and retroaortic root branch, structures derived from the AV canal that have a nodal phenotype (Figure 2K , 2L, and 3A through 3F). 4, [21] [22] [23] Immunohistochemistry revealed that EGFP expression was limited to Tbx3-positive myocardium of the these structures, whereas expression was not observed in the Tbx3-positive AV bundle or in nonmyocardial cells, such as the valve mesenchyme, fibrous body, and epicardium ( Figure 3G through 3I and Online Figure I ). In the adult, we detected EGFP expression strictly limited to the Tbx3positive, Hcn4-positive muscle tissue of the AV node and the anterior node, complementary to the Cx40-positive AV bundle (Online Figure II) .
To further verify AV nodal specificity of Tbx3BAC-Egfp, we performed patch-clamp experiments on single EGFPpositive and EGFP-negative cardiac cells of E17.5 embryos. Importantly, all EGFP-positive cells (nϭ11) showed diastolic depolarization, resulting in spontaneous activity, and exhibited the hyperpolarization-activated current (I f ), whereas all EGFP-negative cells (nϭ13) had a stable resting membrane potential, were quiescent, and lacked I f . EGFP-negative cells could be stimulated by current pulses through the patch pipette. All action potential parameters, except overshoot, differed significantly between both groups ( Figure 3J and 3K and Online Table II ). In conclusion, EGFP-positive cells had electric properties typical for nodal cells and EGFP-negative cells for WM cells. The combined data of the marker expression analysis and patch-clamp experiments indicate that the 160-kbp Tbx3BAC-Egfp construct contains regulatory sequences driving specific AV nodal expression but lacks additional enhancers driving expression in the sinus node, AV bundle, and bundle branches. 
Gene Expression Profiles of the Developing AV Node and WM
The property of Tbx3BAC-Egfp to drive EGFP expression specifically in the developing and mature AV nodal myocardium allowed monitoring the changes in genome-wide ex-pression profiles during their differentiation. Nppa, the gene encoding atrial natriuretic factor, is specifically expressed in developing WM, complementary to the Tbx3-positive conduction system myocardium. 5, [15] [16] [17] [18] The expression of EGFP in the NppaBAC336-Egfp transgene recapitulates the Nppa APs recorded from all EGFP ϩ cells were spontaneous (nϭ11); APs from EGFP Ϫ cells were elicited by current injection through the pipette (nϭ13). Note the differences in time scale. The inset shows the maximal dV/dt, a measure for sodium current availability. K, Membrane currents activated by 500 ms hyperpolarizing voltage-clamp steps from Ϫ40 mV (inset). Note the presence of the hyperpolarization activated current (I f ) in the EGFP ϩ cells (arrow). This current was never detected in nonfluorescent cells. at indicates atrium; avn(-pr), atrioventricular node(-primordium); ivs, interventricular septum; oft, outflow tract; thd, thyroid gland; ravrb, right atrioventricular ring bundle; rarb, retroaortic root branch; ep, epicardium; mv, mitral valve; tv, tricuspid valve; av, aortic valve; scv, superior caval vein; ivc, inferior caval vein; versus, ventricular septum; bb, bundle branches. expression pattern precisely. 18 Patch-clamp experiments on single EGFP-positive cells of E17.5 NppaBAC336-Egfp fetuses confirmed that these cells had a stable resting membrane potential, were quiescent, and lacked I f (Online Figure III) .
E10.5 Tbx3BAC-Egfp cells (E10.5 AV canal) were compared with age-matched pooled atrial and ventricular cardiomyocytes expressing NppaBAC336-Egfp (E10.5 WM). Fetal E17.5 Tbx3BAC-Egfp (E17.5 AV nodal) cells were compared with E17.5 NppaBAC336-Egfp atrial WM (E17.5 WM) ( Figures 4A and 5A) . The cell purification procedure has been outlined in the Methods and Figure 4B and 4C. Microarray data have been submitted to the Gene Expression Omnibus database (http://www.ncbi.nlm.nih.gov/geo) under accession no. GSE13614.
All genes known to be specific to the AV myocardium, including Tbx3 itself, were highly enriched in both E10.5 and E17.5 AV myocardial groups (Table) . Also the array data regarding Tbx20 were consistent with its initial broad and later AV canal-enriched pattern. All genes known to be specific to developing chambers/WM were strongly enriched in chamber myocardium at both stages (Table) . Furthermore, of 27 of 29 genes the differences in expression between E17.5 AV nodal and WM samples were confirmed by quantitative RT-PCR (Online Table III ). Together, these data validate the microarray analysis and indicate that it efficiently identified genes differentially expressed between the developing AV node and age-matched WM.
Diverging Phenotypes of the Developing AV Node and WM
Of 46 643 transcripts present on the array, 1259 (3%) were over-and 856 (2%) were underrepresented in the E10.5 AV canal compared to E10.5 WM ( Figure 5A and 5B ). Another 12 593 (27%) had signals above threshold and were considered to be expressed, but not differentially. In the E17.5 AV node, 3182 (7%) transcripts were overrepresented and 3370 (7%) were underrepresented compared to the E17.5 WM, revealing an evident divergence of gene profiles of the differentiating AV node and WM. To assess this deviation in Established markers for AV canal and for (developing) WM were found to be significantly enriched in the corresponding sample groups in the microarray analysis. Signal levels on array are given as percentage of Rfc2 signal. N indicates node; WM, working myocardium. In the present study, experiments I and II were performed, after which data regarding III were deduced (see Figure 6C for details regarding III). B, Pie charts summarizing microarray experiment I (E10.5) and II (E17.5) showing number of transcripts enriched in AV nodal tissue relative to agematched WM (NϾW), transcripts enriched in WM relative to agematched AV nodal myocardium (WϾN), transcripts expressed above threshold (exprϾthresh) in nodal myocardium and/or WM that are not differentially expressed between both groups, and transcripts not detected above threshold (exprϽthresh).
gene profiles we used the GLOBAL test. 24 Using standardized test conditions, we identified 124 differentially expressed Gene Ontology (GO) categories at E10.5, and 431 terms at E17.5 (Online Table IV ). These data confirmed divergence of gene expression profiles and phenotypes between maturing AV nodal and WM.
Early Differentiation and Further Specialization of AV Nodal Cells During Development
To evaluate AV nodal gene expression during development independently of developmental changes in WM gene expression, the expression profile data of the E10.5 WM cell population were used as common reference for the three other data sets. We calculated genes differentially expressed between E10.5 WM and E17.5 AV nodal, and between E10.5 WM and E17.5 WM, respectively, and combined these data with the values found comparing both E10.5 groups. Whereas 2115 transcripts (1259 up, 856 down) were expressed differentially between E10.5 WM and AV canal myocardium ( Figure 6A) , the difference between E10.5 WM and E17.5 AV nodal myocardium had increased to 11 388 (5366 up, 6022 down), implying an increase in differential expression of 9273 transcripts in the maturing AV nodal cells ( Figure  6A ). Of these 9273 transcripts, 4611 transcripts appeared differentially expressed between E10.5 WM and E17.5 WM as well, indicating these were not node-specific, but characteristic of myocardial maturation in general ( Figure 6B ). To gain insight into nodal differentiation, we assessed transcripts differentially expressed between E10.5 WM and E10.5 and/or E17.5 nodal tissue ( Figure 6C ), excluding the 4611 transcripts associated with myocardial maturation. Of the 1092 transcripts differentially expressed at E10.5, 249 (23%) transcripts were differentially expressed only early in AV canal development, whereas 77% (843) were still differentially expressed at E17.5 ( Figure 6C) . A total of 5013 transcripts were found to be differentially expressed only in the E17.5 AV nodal cells. These transcript lists are available on request. Together, these data indicate that the AV node differentiates considerably during development but that the late fetal AV node largely maintains the AV canal program acquired at E10.5.
To gain insight into the 3 groups of differentially expressed genes in the developing AV node, we used the Database for Annotation, Visualization and Integrated Discovery (http:// david.abcc.ncifcrf.gov) bioinformatics tool to functionally categorize the transcripts, using GO annotations (Online Table V ). Found percentages were compared to the relative presence of specific GO terms on the Illumina Mouse-Ref- 6 BeadChip. Among transcripts enriched in both the AV canal and AV node, GO categories associated with "nervous system development" were overrepresented. Among nervous system development, neurotrophic factors Nrn1, Ntng1, Ntn2l, Gdnf, Slit2, and Rtn4, the receptors for these neurotrophic factors Unc5b, Unc5c, Ret, and Robo2, and several semaphorins, including Sema3f, Sema3b, Sema4c, Sema4g, and Sema6a, were found to be enriched in the AV canal and/or node. Contamination of nervous tissue at E10.5 can be excluded as the innervation of the heart has not yet taken place at this stage. Therefore, the latter finding reveals a substantial overlap in the gene expression signature between developing nodal myocardium and nervous tissue. Among transcripts expressed at a lower level in nodal tissue at both stages, GO terms associated with contraction, energy and electrophysiology were overrepresented ("muscle development," "mitochondrion," "contractile fiber," "cell junction," "ion channel activity"). These processes and structures are typically more developed in the WM, 25 further elaborating the notion that although AV canal cells substantially differentiate to form AV nodal cells, their primitive, nonworking properties are maintained. Figure 6 . Evaluation of node-specific gene expression during development. A, Venn diagrams showing transcripts (differentially) expressed in E10.5 AV canal (N10.5) and E17.5 AV node (N17.5) myocardium compared to common reference E10.5 WM (W10.5). Expression levels in E17.5 WM (W17.5) were not taken into account. B, Transcripts that, relative to W10.5, were differentially expressed in N17.5 and/or W17.5 but not N10.5. Overlap indicates genes involved in cardiac maturation. C, Transcripts differentially expressed in N10.5 and/or N17.5 (relative to W10.5) but not W17.5. Overlap reveals genes involved in node-specific expression throughout development (see Figure  5A , III). Boxes specify the number of transcripts over-or underrepresented relative to W10.5.
The AV canal/node population could be contaminated with copurified mesenchymal cells of the AV cushions/fibrous insulation that are in close association with these nodal cells. Resorting of purified EGFP-positive cells revealed Ϸ85% to 90% pure cell populations. Indeed, in both E10.5 and E17.5 AV nodal groups, mesenchymal transcripts like Postn 26 that are highly expressed specifically in the cushion mesenchyme were found to be significantly enriched, whereas the signals for these transcripts was low or absent in both WM groups. It is difficult to estimate contamination, because of most transcripts the precise spatial distribution has not been established.
Genome-Wide Profile of Ion Channel Families Expressed in AV Nodal Tissue
The AV myocardium has highly specific electrophysiological properties. To gain insight into the associated gene profiles, we examined ion channel ␣and ␤-subunit and accessory gene expression profiles of the E10.5 and E17.5 AV nodal myocardium relative to age-matched WM. In addition to previously established differences, 9, 12 we noted several novel channel transcripts to be enriched in the developing AV or WM (Online Figure IV and Online Table VI ). For example, both the cardiac ␣-subunit Scn5A (Nav1.5) and fibroblast growth factor Fgf12, a protein shown to interact with Nav1.5 and modulate its properties, 27 were expressed high in WM throughout development. In addition to transient receptor potential (Trp) cation channels Trpc2, Trpc6, and Trpm8, known to function in calcium homeostasis, several novel members of this family were enriched in AV nodal (Trpc1, Trpm5, Trpv4) or WM tissue (Trpm2). Inositol 1,4,5triphosphate receptor 3 (Itpr3), previously associated with pacemaker activity in differentiating cardiomyocytes, 28 and 
Discussion
Assessing the Unique Gene Profile of the Developing AV Node Myocardium
The adult AV node is a morphologically complex structure with heterogeneous molecular and functional characteristics, containing not only cardiomyocytes but also mesenchymal cells, fibroblasts, smooth muscle, innervating neurons, and extracellular matrix. Here, we identified novel Tbx3 sequences that in the heart drive reporter gene expression exclusively in the AV canal and node myocardium, allowing their identification and purification. The specificity of EGFP expression in Tbx3-expressing AV nodal myocardium was assessed by detailed expression analysis and patch-clamp analyses of isolated fluorescent cells. Hence, we have generated a unique transgenic reporter model for developing and adult AV nodal myocardium that may represent a useful tool to dissect the mechanisms of its formation and to assess its phenotype during development or pathology.
Using FACS, we obtained purified AV myocardial cell populations largely free of other cell types, and their expres-sion profiles were compared to those of age-matched WM cells obtained from NppaBAC336-Egfp mice. 18 Transcripts associated with mitochondria and contractile fibers were underrepresented in both the AV canal and AV node, whereas those associated with nervous system development (especially a subclass of neurotrophic genes and semaphorins) were prominently overrepresented in both the AV canal and AV node. These data not only confirm previous findings 4, 21, 25, 29, 30 but provide a much more elaborate picture of the transcriptional landscape of the developing AV node and WM. The transcripts differentially expressed only in developing AV canal myocardium at E10.5 are interesting because they probably reveal gene programs involved in the early differentiation of the AV canal but not in the maintenance of its phenotype ( Figure 6C ). The latter genes are represented by the substantial overlap in transcripts between the E10.5 and E17.5 AV nodal myocardium. Furthermore, the large number of transcripts uniquely differentially expressed in the E17.5 AV nodal myocardium represents a gene program associated with further specialization of the AV myocardium. The transcripts of the different AV nodal groups are interesting candidates for investigation in models for AV conduction defects and structural abnormalities, including mutants for Nkx2-5, Tbx5, and Gata4. 31 These transcription factor genes appeared to be not enriched in the AV canal but likely have target genes among the differentially expressed genes identified here. Taken together, we have generated a potentially valuable transgenic tool to study AV node development and function in vivo.
To gain insight into the molecular underpinning of the physiologically complex AV node, we analyzed the expression profile data sets for expression of "electrophysiological" transcripts (ion channel, accessory subunit, etc). Previous expression studies of the adult AV node have provided valuable data on the expression distribution of those genes. 9 However, those were performed on dissected adult tissues contaminated with adjacent WM and the nonmyocardial cell populations, most likely affecting the observed expression profiles. Furthermore, they examined expression of 82 predefined genes. 9 The microarray approach presented here largely confirmed these findings and, in addition, identified a considerable number of novel cardiac transcripts enriched in either AV nodal or WM that may be important for understanding AV node function (Online Figure IV and Online Table VI ).
The Origin and Modular Development of the AV Node
Histological studies and marker analyses revealed that the conduction system (sinus node, AV node, AV bundle, and bundle branches) is formed from a contiguous network of myocardial cells distinctive from the surrounding atrial and ventricular (working) myocardium. 4 -6,29 This network can be discriminated already early in development by poorly developed sarcomeres and sarcoplasmatic reticulum, high automaticity, low proliferation rate, sparse mitochondria, selective expression of markers (eg, Gln2, HNK-1, Tbx3, minK-lacZ, CCS-lacZ), and absence of high-conductance gap junctions (eg, Cx43). 4, 21, 25, 29, 32 These properties, which are controlled by Tbx3 16, 17 and other factors, are largely maintained in the adult components. The existence of this contiguous precursor network with shared properties suggests a common regulatory mechanism for conduction system gene expression and formation. On the other hand, arguments in favor of a modular composition have been put forward as well. During midfetal stages, the initially "nodal" AV bundle acquires rapid conduction and Cx40 expression. 17, 33 In Tbx5/Nkx2-5 and Tbx5/Id2 double heterozygous mutants and in Tbx3 homozygous mutants, which develop severe AV bundle defects, the AV node seems less affected, 17,34 suggestive of differential sensitivity of these components to loss of transcription factor function. In the present study, we found that 160 kbp of Tbx3 and flanking sequences drive expression highly selectively in the AV canal of embryos and AV node of adults but not in the Tbx3-expressing AV bundle or sinus node. These data unambiguously demonstrate that separable regulatory sequences and regulatory pathways (regulatory modules) control gene expression and formation of the AV node, AV bundle, and other conduction system components.
The AV node may be derived from the embryonic AV canal or AV ring or may form de novo from other sources. 4, 29, 35 From E9 onward, the expression of EGFP was observed selectively in the myocardium of the AV canal and gradually became confined to the AV node and anterior node-like structure. 22 Furthermore, the expression profile of the embryonic AV canal showed a large overlap with the profile of the late fetal AV node, whereas both profiles were found to be consistently distinctive from both E10.5 and E17.5 WM. These findings indicate early segregation of AV canal cells and adjacent WM cells from E10.5 or earlier, arguing the AV node arises from myocardium in the dorsal wall of the AV canal as proposed by Virágh and Challice. 4, 29 
Specialization of the AV Nodal Myocardium During Development
The embryonic AV canal and the derived AV node maintain many properties (see above) found already in the embryonic heart tube, whereas the surrounding myocardium acquires WM properties. 5 These observations have led to the idea that suppression of (WM) differentiation in the AV canal domain is an important contributing mechanism to AV node formation, an idea that gained strong support by the functional identification of suppressors Tbx2 and Tbx3 in the AV canal and the conduction system. 5 However, the AV myocardium itself is likely to also specialize during development, 36 an aspect that had not been thoroughly examined thus far. When comparing the AV gene expression profiles at an early (E10.5) and late (E17.5) time point of development with the common reference, 249 transcripts were found to be differentially expressed only at E10.5. These are interesting candidates potentially involved in the initiation and early differentiation of the AV node. A total of 77% of transcripts (843 transcripts) differentially expressed at E10.5 still are differentially expressed in the fetal AV node, indicative for maintenance of properties during AV node development. On the other hand, Ϸ5000 transcripts not differentially expressed at E10.5 were differentially expressed in the E17.5 AV node, indicating that the AV node undergoes substantial specialization during development.
